Abstract Hospitals routinely admit most patients with obstructive sleep apnea (OSA) who undergo surgery for OSA to a high intensity care unit for overnight monitoring after surgery. This practice, mostly based on historical evidence, is designed to monitor respiratory outcomes after surgery in the event of adverse events taking place. However, this also creates inconvenience for patients, is very expensive to the health care system, and uses significant hospital resources. The goal of this systematic review of the literature was to assess what the current evidence is to support this practice and to begin to answer the question of which patients are benefitting from this approach.
Introduction
It has been estimated that roughly one in four men and one in ten women in the US has obstructive sleep apnea (OSA) [1] . Besides the significant increase in risk OSA places on individuals, particularly with respect to cardiovascular health and overall mortality, there has been increasing recognition of how OSA potentially affects patients undergoing surgery.
Given the aging population, resulting from both enhanced survival and the movement of baby boomers into their senior years, as well as increasing recognition of OSA as a health risk, the impact of OSA on perioperative care and costs is predicted to increase dramatically over the next few decades. A recent editorial from the New England Journal of Medicine termed this anticipated increase a 'perioperative sleep apnea epidemic' [2] . Despite the contemporary move toward more out-patient and same-day surgeries, designed to reduce health care costs within severely taxed health care systems, guidelines have been published by the American Society of Anesthesiologists Task Force on Perioperative Management of patients with OSA that essentially call for all surgery patients with OSA to be monitored overnight [3] . In a recent survey of Canadian Anaesthesiologists, 75 % agreed with these guidelines [4] . Other health organizations, such as the Society for Ambulatory Anesthesia, support similar strategies [5 •• ] .
A survey was done to determine the practice patterns of OSA surgery in the USA between 2000 and 2006 [6 • ]. For 0.2 % of all patients with OSA undergoing surgical treatment, the majority of surgical procedures were performed in the outpatient setting [6 • ]. Moreover, many authors have questioned the validity of the ASA guidelines on the basis of the lack of empirical evidence supporting the statements [2, [7] [8] [9] [10] . Finally the concept of mandatorily admitting all patients with OSA to the hospital stands in contrast to the current fiscal reality of healthcare across North America where practice patterns are being assessed for economic viability. It is more expensive to admit patients to the hospital than discharge them, and the question arises whether or not patients are benefiting from the ASA guidelines' recommendation of admission. It is possible that there are a large number of patients being unnecessarily admitted to the hospital, with associated patient inconvenience, hospital utilization, and cost implications.
The objective of the current systematic literature review is to examine currently published studies in which data on outcomes in patients undergoing same-day OSA surgery are available, specifically to determine the incidence, timing, nature, and severity of adverse events in such patients. As a secondary objective, this study assesses a larger body of evidence on patients who have undergone OSA surgery in the inpatient or overnight care setting, examining the incidence, timing, nature, and severity of adverse events.
Methods
A systematic review of the literature was performed. The first step toward identifying studies in which perioperative outcomes were identified following surgery for the treatment of OSA was to do a MEDLINE search using the following single search terms that were decided upon a priori: sleep apnea (number of listed abstracts, n = 27,692); tonsillectomy (n = 9,183); uvulopalatoplasty (n = 193); uvulopalatopharyngoplasty (UPPP) (n = 768); tongue reduction (n = 1,221); radiofrequency ablation (n = 13,368); lingual tonsillectomy (n = 250); tracheostomy (n = 10,159); desaturation (n = 7,346); intubation (n = 59,485); intensive care (n = 155,532); perioperative outcomes (n = 8,634); perioperative monitoring (n = 4,039). For terms with n [ 1,000, only the first 200 abstracts were reviewed to identify any potentially appropriate references. When no suitable abstracts were identified, it was assumed that further searching would be grossly inefficient, and no further search using that single search term was performed. Abstracts were searched from 1990 to 2013 inclusive, in the English language. Older studies were felt to be too different from modern practice in terms of both surgical and anesthetic techniques, and were therefore not searched. Only studies relating to adults were included-purely pediatric studies, or studies that included a mixed adult and pediatric population, were excluded. A statistician was employed to help with this initial search.
The second step was to create combined search terms, based upon what was gleaned from step 1. This led to the following search terms: sleep apnea surgery (n = 6,300); sleep apnea surgery complications (n = 2,959); perioperative outcomes after sleep apnea surgery (n = 22); sleep apnea day surgery (n = 313); outpatient sleep apnea surgery (n = 121); uvulopalatoplasty outcomes (n = 23); UPPP outcomes (n = 60); tongue reduction outcomes (n = 60); uvulopalatoplasty complications (n = 79); UPPP complications (n = 291); tongue reduction complications (n = 228).
The next step involved selecting those abstracts that either presented information on perioperative outcomes or read in such a way that such data were expected to be included in the full paper. For such abstracts, the full papers were sought and reviewed. The fourth and final step was to review the reference lists of every paper identified thus far to identify additional papers that warranted more in depth perusal.
These four steps led to the review of a total of roughly 2,900 abstracts, leading to the further detailed review of 62 papers, ultimately leading to 19 papers with data on outcomes following same day surgical procedures for OSA, and 13 additional papers with data on immediate postoperative outcomes and complications in non same-day procedures. These papers are summarized in Tables 1 and 2 . Papers were excluded from review for one of the following reasons: because they contained no extractable, empirical data on immediate postoperative outcomes; patients with OSA either were not included (e.g., interventions for patients who snore but without OSA) or confirmed via polysomnography; data from patients with OSA were not able to be differentiated from those with other conditions; there was no denominator from which to estimate complications rates (e.g., surveys of surgeons to estimate the number of postoperative deaths they had observed in their practice). Studies in which an intervention was found to be ineffective relative to conservative management also were excluded [11] .
Results

Perioperative Outcomes and Complications Following
Same-Day Discharge After Surgery for OSA In total, 18 papers with a combined 2,160 patients who underwent same-day surgery for OSA were identified (Table 1) . Of these, six involved single or multi-stage procedures that included UPPP. Most patients had moderate to severe OSA, being at least an AHI of 15 or more, and were symptomatic. Of the remaining 12 papers, 4 involved radiofrequency tissue ablation, 7 laser-assisted UPPP and 1 palatal implants with UP flaps. Most of these final 12 papers involved patients with mild to moderate OSA. Several other papers were reviewed, especially for laserassisted uvulopalatoplasty (LAUP) procedures, but they primarily involved snorers rather than patients with OSA [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , or they had both groups of patients and made no attempt to distinguish them [13, 14, 24] . These papers were only analyzed for OSA-specific data, with snoring-specific data being excluded.
Across the studies the overall incidence of any adverse event was 5.3 %. There were no deaths or major catastrophic events. The re-admission rate to the hospital after discharge (for any reason) was 0.4 %. The adverse events that did occur were surgical complications and were not Table 2 Other studies with data on immediate postoperative complications specifically related to the OSA. Corresponding percentages among patients undergoing conventional surgery, either single or multi-stage, were 17.4 % rate of all adverse events, 0.0 % death rate, and 1.4 % rate of serious events. Meanwhile, among those undergoing laser-assisted procedures, done mainly as outpatient procedures, corresponding rates were in fact lower at 3.5, 0.0, and 0.1 %. Those undergoing radiofrequency tissue ablation had rates of 9.5, 0.0, and 0.5 %, respectively. Interestingly, among the 545 patients across these studies who were kept overnight or longer for unplanned reasons, rates for adverse events, major adverse events, re-hospitalizations, and death were 27.5, 1.7, 0.4, and 0 %. All six studies in which postoperative complications were assessed in patients undergoing standard (not laserassisted) UPPP and discharged home the same day were retrospective in design. In truth, in all but one study, some and usually the majority of patients were observed overnight or longer [7, 8, 25, 26 •• , 27]. The exception, in which all surgeries were intended to be performed as same-day procedures, was a small retrospective chart review of 40 patients who underwent same-day UPPP [28] . In this study, four patients were kept overnight, though each instance was deemed to have been non-surgery related. These six studies had a heterogenous series of criteria to decide on same-day discharge versus admit; the choice was typically made on the basis of anatomical surgical site (if tongue base, then planned admission, otherwise potential discharge), on the basis of preoperative AHI severity (a wide range was cited in the literature), and on the issue of pain control and anticipated narcotic requirements. Certain comorbidities (such as known cardiovascular or respiratory disease) also resulted in planned admissions.
In few instances were adverse events compared statistically between the two groups. Given the non-random nature of group allocation, it would be expected that sicker patients and those who undergo a more complicated procedure would be more likely to be observed overnight, and more likely to experience an adverse event. There would be a clear bias toward more favorable outcomes, in general, in those discharged home early. On the other hand, more of those discharged same-day might be expected to return to the emergency room or to some other doctor with an unresolved issue.
The largest study for outpatient OSA procedures was a study of 452 patients, among whom 48 needed to be observed overnight, versus 404 sent home the same day [25 •• ] . The primary objective of this study was to assess the safety of same-day OSA surgery, specifically looking at three safety indicators over the first 30 days post-surgery: emergency room visits, inpatient admission, and three or more visits to see a primary care physician. Catastrophic events that were recorded were myocardial infarction, deep venous thrombosis, stroke, pulmonary embolism, tracheostomy, transfusion, and death. In this large series, among the 404 same-day patients, there were 87 total adverse events, among which the most common were acute pharyngitis (n = 13), acute postoperative pain (n = 12), and bleeding (n = 5), without any OSA-specific events being recorded. There were no deaths and no catastrophic events. Twenty versus 17 percent of same-day patients returned for an ER visit within the 30-day follow-up period (NS), but the time to first ER visit was shorter in same-day patients (3 vs. 7 days, p = 0.03). Otherwise, the two groups were similar [25 •• ] .
Retrospective attempts have been made to identify predictors of successful same-day discharge. In a study of 23 same-day patients versus 63 kept at least overnight, Kieff et al. [8] found that the former tended to be less obese and to have higher baseline oxygen saturations. Kandasamy and Rotenberg found that 97 patients discharged home the same day were younger than the 248 kept overnight, and that a preoperative AHI C22 and BMI C30 both predicted desaturation in the post-anesthesia care unit (PACU). In both studies, it is possible that surgeons made decisions regarding same-day discharge related to possible risk factors such as age, obesity, or co-morbidites. In a novel twist, Rocke et al. [29 • ] developed a protocol of preoperative criteria to aid in the triage of patients to sameday surgery, over-night observation, or postoperative transfer to intensive care. The protocol consisted of three major criteria (multi-level surgery, a preoperative AHI [60, and a minimum oxygen desaturation \75 % from preoperative polysomnography), and two minor criteria (BMI[35 and significant comorbidities). Patients with one major or two minor criteria were allocated to the surgical intensive care unit (SICU), those with one minor criterion to the overnight observation unit, and those meeting no risk criteria were discharged home the same day. No serious complications occurred in those discharged home on the same day, versus n = 8 and n = 5 in those allocated to the SICU or the overnight observation unit. Moreover, all serious complications occurred within hours of surgery [29 • ]. Of great interest is that, using this preoperative triage scheme and based solely upon hospital room charges, the authors predicted annual savings of $125,000 per year at their hospital [29 • ].
Outcomes and Complications Following Hospital Admission After Surgery for OSA Table 2 lists studies relating to immediate postoperative complications as they pertain to OSA. Of the 13 studies in which immediate postoperative outcomes were assessed after OSA surgery, 10 were retrospective chart reviews [10, [30] [31] [32] [33] [34] 35 •• , 36-38], 1 a large prospective survey of records in a central database reported in 2 different papers [16, 40] , 1 was prospective [41 • ], and 1 an unclear report of data collected by an agency in Sweden [39] . This final study by Carenfelt et al. [39] entailing the largest number of 'subjects' was reported in a one-page letter to the Lancet. No methodological details were provided other than a survey of 37 Swedish hospitals, with 35 positive responses. The denominator used (absolute number of UPPP and LAUP cases) seems to be a gross estimate, given the round numbers of 9,000 UPPP and 2,900 LAUP. Consequently, the numbers reported in this letter should be interpreted with caution. Another study by Haavisto et al. [31] was methodologically lacking in detail as well (Table 2 ). When including the Carenfelt et al. and Haavisto et al. data, which only exist for major adverse events and deaths, the incidence of serious adverse events was 1.8 % and the mortality rate 0.09 %. Excluding these two studies, corresponding rates were 1.7 and 0.20 %. The incidences for respiratory and cardiovascular adverse events and significant bleeding were 2.2, 1.1, and 1.3 %, respectively.
By far the largest 'prospective' study on this topic was by Kezirian et al. [16, 40] , which was reported across two different papers, in which the sample was 3,130 patients undergoing an inpatient UPPP procedure between 2000 and 2006 at any Veterans Affairs (VA) hospital in the US. The VA National Surgical Quality Improvement Program (NSQIP) prospectively collects 30-day complication and mortality data on any patients who undergo inpatient surgery at any VA hospital in the US. In this sample of 3,130 patients, 97 % were male. Only seven deaths were recorded within 30 days postoperatively, for an overall incidence of 0.22 %, and none were thought to be related directly to the OSA. The rates for major adverse events, respiratory and cardiovascular adverse events, and significant bleeding in this sample were 1.5, 1.1, 0.3, and 0.3 %, respectively. Two limitations of this study were (1) that data were collected generically, not specifically, to assess postoperative death and adverse events post-OSA surgery, so errors in procedure coding could have occurred; consequently, although data were collected prospectively, it was a retrospective decision to use them for the current study. (2) In addition, the sample was 97 % male, which clearly limits its generalizability. A further problem that inherently arises when one study is so large relative to every other study analyzed is that this one study colors all the results. That being said, mortality rates ranged from zero to 1.0 % for all other studies except that of Harmon et al., a small retrospective study of 126 patients published in 1989 [32] . Major adverse event rates varied more widely, but were only high in studies published in 1998 or earlier [30] [31] [32] 38] . The highest rate of major adverse events reported in the six studies since 1998 was 2.2 % [33] . Some of this variation could be differences in the way in which major adverse events were defined or identified. For example, in the study by Rotenberg et al. [41 • ], no major OSA-specific respiratory adverse events were reported, but only events requiring a documented nursing intervention were counted.
In their review of studies assessing the effects and side effects of surgery for OSA and snoring, published in 2009, Franklin et al. identified a total of 37 deaths reported in the literature, though no incidence estimate could be generated because 22 of the deaths were reported in papers in which no denominator was provided (both were surveys of physicians or hospitals) [42, 43] . Our analysis was able to identify all the remaining 15 deaths, among which only 7 have been reported since 2000, all in that single study of 3,130 patients treated at VA hospitals [16, 40] . Whether the decline from 30 deaths pre-2000 to 7 deaths from 2000 onward represents a true trend can only be speculated.
Three studies have attempted to identify risk factors for postoperative complications; however, as above, which complications were assessed varied between studies. Nonetheless, certain consistencies are noted. In all three studies [30, 31, 40] , an elevated preoperative AHI predicted postoperative complications, especially respiratory, most notably oxygen de-saturation. Two studies identified low preoperative oxygen saturation as a predictor of postoperative de-saturation [30, 31] , and two identified some measures of patients' weight (weight or BMI) [31, 40] as a risk factor for postoperative complications. Other preoperative comorbid conditions [40] , and specifically cardiovascular comorbidity [31] , also comprised a risk factor for postoperative complications. Of interest is that these four risk factors mirror the preoperative triage instrument proposed by Rocke et al. [29 • ], in which the three major criteria were multi-level surgery, a preoperative AHI [60, and a minimum preoperative oxygen desaturation \75 %, and the two minor criteria were BMI [35 and significant co-morbidities. However, one of these three studies must be considered methodologically weak [31] .
Complications of surgical management of OSA can also present as medico-legal challenges for surgeons. In a very recent publication by Eloy's group [44] , it was found that litigation associated with OSA more commonly revolves around perioperative issues than diagnostic ones. In reference to the topic of postoperative outcomes, pharyngeal surgeries were represented in over half of legal cases; 20.4 % of cases were associated primarily with postoperative monitoring, and 7.4 % of cases were associated with CPAP usage after surgery for OSA. Alarmingly, 73.3 % of these cases were resolved with payment. Although this paper did not draw any direct conclusion between specifics of perioperative care and litigation outcomes, nor were case particulars discussed in detail, the authors did generally caution surgeons to be aware that these problems exist and stressed that (1) full informed consent discussion with patients should include perioperative issues and (2) airway management after surgery is a shared responsibility between the anesthesiologist and otolaryngologist. The best strategy is proactive planning.
Conclusions
From this exhaustive review of published scientific literature on the rates of immediate postoperative complications of OSA surgery, certain conclusions can be drawn:
(1) In patients undergoing surgery for OSA, the risk of severe adverse postoperative events is currently far lower than predicted by historical literature or contemporary perioperative guidelines, and is estimated at less than 2 % by the findings of this systematic review. Additionally, no postoperative deaths have been reported in any OSA patient who has undergone same-day OSA surgery. Respiratory-related event rates in the modern literature are less than 1.5 %, and most were non-significant relating only to oxygen desaturations (which can only debatably be classified as a complication in the setting of OSA). If desaturations are ungrouped as a complication from other postoperative respiratory events, the adverse event rate drops far lower. (2) Gaps still remain in our understanding of the risks and benefits of same-day versus inpatient OSA surgery, warranting prospective, inferential/quantitative research. However, based on the information in this review, health care centers should consider reviewing the admission protocols and consider sending patients undergoing OSA surgery home on the same day. Certain patients should be considered for admission, in particular those undergoing tongue base surgery, those with a higher preoperative apnea/hypopnea index, or those with high narcotic requirements. The policy of routinely admitting all patients with OSA to the hospital after surgery is excessive and not supported by modern evidence. (3) The recommendations of ASA guidelines were based on the concept of monitoring for safety reasons after surgery. The question remains as to whether patients actually benefit from this practice. This issue has significant health economic implications, and further research should be performed in this area.
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